Intact and castrated male European starlings were held for about 2 years in a constant 12-hr photoperiod and constant temperature conditions. At 1to 2-month intervals, testicular width was measured by laparotomy, and blood samples were taken for analysis of plasma luteinizing hormone (LH). Most of the control birds went through at least one circannual cycle of testicular width and plasma LH concentration. In the castrates, a similar proportion of birds went through circannual LH cycles with periods indistinguishable from those of the controls.
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It is concluded that the testes and their hormones are not essential components of the mechanism that generates circannual gonadal cycles in male European starlings.
Although endogenous circannual rhythms have been documented in at least 40 animal species, the mechanisms underlying these long-term periodicities have remained obscure (Gwinner, 1986) . It is not even clear, in any of the species studied, at what level of physiological organization circannual rhythms might be generated, although speculations about this problem abound. At one extreme, Biinning (1956) suggested that &dquo;the phenomena of endogenous annual rhythmicity in plants and animals, as well as their regulation by external factors, are so similar that one might suspect a common physiological origin&dquo; (translated from the original). This would imply that circannual rhythms were produced at a similar level in all organisms (i.e., at a cellular or tissue level). At the other extreme, Pengelley (1968), Mrosovsky (1970) , and others have assumed that, in higher vertebrates, the overt functions investigated or the physiological events immediately causing them are components of the rhythm-generating system. These functions would thus constitute &dquo;a sequence of linked stages, each one taking a given amount of time to complete and then leading into the next, with the last stage linked back to the first again&dquo; (Mrosovsky, 1970) . The implication of this hypothesis is that different circannual functions are based on different mechanisms.
The identification of the physiological level at which circannual rhythms are generated is difficult to accomplish for functions with an unknown physiological control (e.g., migratory restlessness or molt in birds). On the other hand, circannual rhythms of functions whose internal regulation is at least partly understood can be used to study the underlying mechanisms. Circannual rhythms of reproductive capacity in vertebrates fit into this category. Here the question can be asked whether the circannual mechanisms are central (i.e., reside entirely in the brain), or whether peripheral interactions between the brain and the gonads are essential for the production of basic rhythmicity. An obvious first step in such an analysis is to castrate animals and investigate the resulting pattern in the plasma titers of gonadotropins. Persistence of circannual rhythmicity in pituitary activity, as judged by luteinizing hormone (LH) secretion, would strongly suggest that the gonads and gonadal steroids are not essential components of rhythmicity. To our knowledge, investigations of this type have only been carried out on ground squirrels (Zucker and Licht, 1983a,b) . We therefore compared the pattern of LH in castrated and intact male European starlings held for 2 years in a constant 12-hr photoperiod, a condition under which starlings have been shown to go through repeated circannual cycles of gonadal growth and regression (e.g., Schwab, 1971; Gwinner et al., 1985) .
METHODS
A total of 22 male European starlings, caught in november in Mannheim, Federal Republic of Germany, were divided into two groups and placed from mid-February on in environmental chambers under a constant light-dark cycle (LD 12:12) and a constant temperature of 24° ± 1°C. Five to six birds were held together in cages measuring 50 x 45 x 40 cm. Group 1 consisted of 11 intact controls and group 2 of 11 birds that had been castrated on February 9, a few days prior to the beginning of the experiment. At 1to 2-month intervals, the birds were anesthetized with 40 mg/ kg of Nembutal and laparotomized (Gwinner, 1975) . 400-~1 blood samples were taken at varying intervals from the wing vein, 11 times in the first year and 7 times in the second. After centrifugation, the plasma samples were stored at -20°C until assaying. LH was analyzed in duplicate 40-)JLl aliquots according to an assay described in Follett et al. (1972) , using a labeled IRC2 protein fraction and 16/6 rabbit-antichicken LH antiserum. All samples were analyzed in one assay. Testesterone was assayed according to a method described elsewhere in 100 ~,1 of plasma. The minimal detectable values in both asays were 0.1 ng/ml, and the intra-assay variations were less than 5% and 10%, respectively. Because of the lack of plasma, only about 50% of the samples collected throughout the experiment were assayed for testosterone.
Three different estimates were made for the circannual period of testicular and LH cycles. First, the interval between the initial increase above 4 mm width for the gonads or 0.5 ng/ml LH, and the subsequent increases from values below these levels to values above them, were taken as a measure for circannual periods (TGin and TLHin) · TLHin could only be determined for the controls, as in all experimental birds postcastration LH values were above 0.5 ng/ml when the first blood sample was taken. Second, the intervals between peak values were determined to represent TGmax and TLHmax. The maximum value during the first cycle was defined as the first peak. Values thereafter were defined as secondary peaks when they exceeded 4 mm or 0.25 ng/ml and were both preceded and followed by at least two smaller values. Finally, the interval between initial and subsequent decreases after a peak value to levels below 4 mm or 0.25 ng/ml were measured and taken as 7Gde and TLHde The periods 7Gm, 7LHin, 7Gde, and TLHde were estimated from the plotted data by graphical interpolation.
RESULTS
The data on individual testes diameter and plasma titers of LH in the control birds are shown in Figures 1 and 2 . As expected, most individuals (between 7 and 11 of the birds, depending on the parameter chosen; see Table 1 ) went through cycles of gonadal size and LH plasma titers. The period of the rhythm varied among parameters from 8.6 to 10.8 months when the first cycles were examined. In at least half of the controls, the amplitude of the second cycle was comparable to that of the initial gonadal and LH cycle. Random sampling of testosterone plasma titers demonstrated that increases generally paralleled those in LH and gonadal size.
In castrated birds, testosterone titers were nondetectable throughout the study. LH cycles, however, persisted in most birds (Fig. 3) . The amplitude of the secondary LH maximum varied greatly, but was clearly expressed in the birds whose records are shown in the upper eight curves of Figure 3 . In a few individuals (e.g., nos. 743 and 739), even a third LH cycle was observed. Depending on the parameter, either 8 or 10 of the 11 birds cycled. The circannual period of LH in castrates did not differ systematically from that of the controls (Table 1 ). In one case (7LHmax) it was slightly longer, and in the other (TLHde) slightly shorter, but neither of these differences was statistically significant. As seen in Figure 3 , the amplitude of the second or third cycle was never as great as that of the very pronounced initial cycle.
DISCUSSION
As in similar experiments where starlings were held in a constant 12-hr photoperiod (e.g., Schwab, 1971; Gwinner, 1981; Gwinner et al., 1985) , most of the control birds in the present study went through at least two successive testicular cycles, about 9-11 months apart. These cycles were normally accompanied by circannual variations in LH. Random sampling of testosterone also revealed higher levels at times when testicular size and LH were elevated. As in other investigations, there was considerable interindividual variability in both the general pattern of the variations in LH and testicular width and the estimated circannual period length. This variability may result from the fact that in starlings the conditions that permit the expression of a circannual testicular rhythmicity are restricted to a very narrow range of photoperiods close to 12 hr (see Gwinner et al., 1985 , for a review). Thus, depending on the specific photoperiodic responsiveness of an individual, a 12-hr photoperiod may either be just adequate, slightly long, or slightly short for an optimal expression of rhythmicity.
As in the controls, a rhythmicity in plasma LH levels persisted in most of the castrated birds, indicating that the presence of the gonads and of their hormones is not necessary for the continuation of a circannual rhythmicity. As expected from the removal of steroid feedback to the hypothalamus after castration, the amplitude of the LH increase, particularly during the first cycle, was considerably greater than in the controls. The overall pattern and the interval between successive LH peaks, however, was not systematically affected by castration. It has been shown previously that during a circannual cycle in LD 12:12, starlings go through the same stages of photosensitivity and photorefractoriness as free-living conspecifics (see , for a review). The present data suggest that the same alternation between the stages persists in castrated birds. Hence, the testes and their hormones are not essential components of the basic oscillatory process.
In other experiments with European starlings Goldsmith and Nicholls, 1984; Dawson et al., 1985) and other species of birds (Mattocks et al., 1976; Storey et al., 1980; Wingfield et al., 1980; Storey and Nicholls, 1981) , gonadectomy did not prevent the postnuptial decrease in LH and the associated development of photorefractoriness. In addition, there are data indicating that, likewise, the termination of photorefractoriness is independent of the gonads (for starlings, Nicholls et al., 1984;  for other species, Hinde et al., 1974; Nicholls and Storey, 1976;  Sharp and Moss, 1977; Stokkan and Sharp, 1980; Mattocks, 1985) . The present results show that in castrated starlings these two processes can occur alternately in the appropriate seasonal sequence in the absence of photoperiodic change.
A similar experiment with female golden-mantled ground squirrels (Citellus lateralis), a nonphotoperiodic mammal, produced results comparable to those reported here for starlings: A rhythm in plasma LH persisted in constant environmental conditions (Zucker and Licht, 1983a) . By contrast, castrated male squirrels held in the same conditions showed little evidence for a circannual LH rhythm, as LH levels tended to stay elevated throughout the experiment. Presumably, in these male ground squirrels (in contrast to the females and to male starlings), a circannual rhythmicity in LH secretion results from circannual variations in feedback sensitivity to gonadal steroids, rather than from feedback-independent changes in the activity of the hypothalamo-pituitary axis controlling gonadal functions. Hence, different mechanisms may be involved in the generation of circannual reproductive cycles between species and even between sexes. ACKNOWLEDGMENTS , _ This work was supported by a grant from the Deutsche Forschungsgemeinschaft to Eberhard Gwinner.
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